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Introduction

Chapter Background

A strong national consensus supports the public funding
of academic research, and although the Federal Government
plays a diminishing role, it still provides close to 60 percent
of the financial resources. More than half of academic re-
search and development (R&D) funds go to the life sciences,
and this share increased during the past quarter century, rais-
ing concern about whether the distribution of funds is appro-
priately balanced. The number of academic institutions
receiving Federal support for R&D activities increased dra-
matically during the past several decades, expanding the base
of'the academic R&D enterprise. Recently, however, this num-
ber began to decline. The Federal Government plays a minor
role in providing direct support to universities and colleges
for construction of their research facilities. Nevertheless, the
amount of academic science and engineering (S&E) research
space grew continuously over the past decade. In contrast,
the Federal Government accounted for almost 60 percent of
direct expenditures of current funds for academic research
equipment, but the percentage of total annual R&D expendi-
tures devoted to such equipment declined noticeably during
the past decade. Doctoral S&E faculty in universities and
colleges play a critical role in ensuring an adequate, diverse,
and well-trained supply of S&E personnel for all sectors of
the economy. Until recently, positive outcomes and impacts
of R&D were taken for granted; however, the system has be-
gun to face demands that it devise means and measures to
account for specific Federal R&D investments.

This chapter addresses key issues of the academic R&D
enterprise, such as the importance of a Federal role in sup-
porting academic research; the appropriate balance of fund-
ing across S&E disciplines; the breadth and strength of the
academic base of the nation’s S&E and R&D enterprise; the
adequacy of research facilities and instrumentation at univer-
sities and colleges; the role of doctoral S&E faculty, includ-
ing both their teaching and their research responsibilities; and
accountability requirements, including measuring outputs and
larger social outcomes.

Chapter Organization

The first section of this chapter discusses trends in the fi-
nancial resources provided for academic R&D, including allo-
cations across both academic institutions and S&E fields.
Because the Federal Government has been the primary source
of support for academic R&D for more than half a century, the
importance of selected agencies in supporting individual fields
is explored in detail. This section also presents data on changes
in the number of academic institutions that receive Federal R&D
support and then examines the status of two key elements of
university research activities: facilities and instrumentation.

The next section discusses trends in the employment of
academic doctoral scientists and engineers and examines their
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activities and demographic characteristics. The discussion of
employment trends focuses on full-time faculty, postdoctorates,
graduate students, and other positions. Differences between the
nation’s largest research universities and other academic insti-
tutions are considered, as are shifts in the faculty age structure.
The involvement of women and underrepresented minorities,
including Asians/Pacific Islanders, is also examined. Attention
is given to participation in research by academic doctoral sci-
entists and engineers, the relative balance between teaching
and research, and Federal support for research. Selected de-
mographic characteristics of recent doctorate-holders entering
academic employment are reviewed.

The chapter concludes with an assessment of two research
outputs: scientific and technical articles in a set of journals
covered by the Science Citation Index (SCI) and the Social
Science Citation Index (SSCI) and patents issued to U.S. uni-
versities. (A third major output of academic R&D, educated
and trained personnel, is discussed in the preceding section
of this chapter and in chapter 2). This section looks specifi-
cally at the volume of research (article counts), collaboration
in the conduct of research (joint authorship), use in subse-
quent scientific activity (citation patterns), and use beyond
science (citations to the literature on patent applications). It
concludes with a discussion of academic patenting and some
returns to academic institutions from their patents and licenses.

Financial Resources
for Academic R&D

Academic R&D is a significant part of the national R&D
enterprise.! Enabling U.S. academic researchers to carry out
world-class research requires adequate financial support as
well as excellent research facilities and high-quality research
equipment. Consequently, assessing how well the academic
R&D sector is doing, the challenges it faces, and how it is
responding to those challenges requires data and information
on a number of important issues relating to the financing of
academic R&D, including:

4 the level and stability of overall funding,

4 the sources of funding and changes in their relative impor-
tance,

4 the distribution of funding among the different R&D ac-
tivities (basic research, applied research, and development),

4 the balance of funding among S&E fields and subfields
(or fine fields),

# the distribution of funding among various types of academic
R&D performers and the extent of their participation,

! Federally funded research and development centers (FFRDCs) associ-
ated with universities are tallied separately and are examined in greater de-
tail in chapter 4. FFRDCs and other national laboratories (including Federal
intramural laboratories) also play an important role in academic research
and education, providing research opportunities for both students and fac-
ulty at academic institutions.
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4 the changing role of the Federal Government as a supporter
of academic R&D and the particular roles of the major
Federal agencies funding this sector, and

¢ the state of the physical infrastructure (research facilities
and equipment) that is a necessary input to the sector’s
success.

Individually and in combination, these issues influence the
evolution of the academic R&D enterprise and therefore are
the focus of this section. For a discussion of the nature of the
data used in this section, see the sidebar, “Data Sources for
Financial Resources for Academic R&D.”

Academic R&D Within the National
R&D Enterprise

The continuing importance of academia to the nation’s
overall R&D effort is well accepted today.? This is especially
true for its contribution to the generation of new knowledge
through basic research. During the 1990s, academia accounted
for slightly less than half of the basic research performed in
the United States.

In 2000, U.S. academic institutions spent an estimated $30
billion, or $28 billion in constant 1996 dollars, on R&D.? This
was the 26th consecutive year in which constant-dollar spend-
ing increased from the previous year. Academia’s role as an
R&D performer has increased steadily during the past half
century, rising from about 5 percent of all R&D performed in
the United States in 1953 to almost 11 percent in 2000. (See
figure 5-1.) However, since 1994, the sector’s performance
share has dipped slightly from its high of almost 13 percent.
The decline in the academic share is the result of rapid growth
in industrial R&D performance. See the section “Growth”
below. For a comparison with other industrial countries, see
the sidebar, “Comparisons of International Academic R&D
Spending.”

Character of Work

Academic R&D activities are concentrated at the research
(basic and applied) end of the R&D spectrum and do not in-
clude much development activity.* For academic R&D ex-
penditures in 2000, an estimated 93 percent went for research
(69 percent for basic and 24 percent for applied) and 7 per-
cent for development. (See figure 5-2.) From the perspective
of national research, as opposed to national R&D, academic
institutions accounted for an estimated 27 percent of the U.S.

2 For more detailed information on national R&D expenditures, see “R&D
Performance in the United States  in chapter 4.

3 For this discussion, an academic institution is generally defined as an
institution that has a doctoral program in science or engineering, is a histori-
cally black college or university that expends any amount of separately bud-
geted R&D in S&E, or is some other institution that spends at least $150,000
for separately budgeted R&D in S&E.

4Despite this delineation, the term “R&D” (rather than just “research”) is
primarily used throughout this discussion because data collected on aca-
demic R&D often do not differentiate between research and development.
Moreover, it is often difficult to make clear distinctions among basic re-
search, applied research, and development. For the definitions used in NSF
resource surveys and a fuller discussion of these concepts, see chapter 4.
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Figure 5-1.

Academic R&D, basic and applied research,
and basic research as a proportion of
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Figure 5-2.

Academic R&D expenditures, by character
of work, and national R&D expenditures,
by performer and character of work: 2000

Percent
100 Development
9 | b
Applied
U ‘Research
0|
Basic
60 |- Research - o therD
50 B
FFRD:!
o B FFRD csll
0 Industry [
20 Federal [ |~
T . Government
10
Academia [l
Academic National Basic  Applied
R&D R&D research research

Character of Performer

work

FFRDC = Federally Funded Research and Development Center
NOTE: Data are preliminary.
See appendix tables 4-3, 4-7, 4-11 and 5-1.

Science & Engineering Indicators — 2002

total in 2000. The academic share of research almost doubled,
from about 14 percent of the U.S. total in the 1950s to around
26 percent in the first half of the 1970s. (See figure 5-1.) It
has since fluctuated between 23 and 30 percent. In terms of
basic research alone, the academic sector is the country’s larg-
est performer, currently accounting for an estimated 43 per-
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Data Sources for Financial Resources for Academic R&D

The data used to describe financial resources for aca-
demic R&D are derived from several National Science
Foundation (NSF) surveys and one National Center for
Education Statistics (NCES) survey. These surveys use
similar but not always identical definitions, and the nature
of the respondents also differs across the surveys. NSF’s
four main surveys involving academic R&D are as follows:

1. the Survey of Federal Funds for Research and
Development,

2. the Survey of Federal Science and Engineering Support to
Universities, Colleges, and Nonprofit Institutions,

3. the Survey of Research and Development Expenditures
at Universities and Colleges, and

4. the Survey of Scientific and Engineering Research Fa-
cilities.

The NCES survey used is the Integrated Postsecondary
Education Data System (IPEDS) Finance Survey. The first
two NSF surveys collect data from Federal agencies,
whereas the last two NSF surveys and the NCES survey
collect data directly from universities and colleges.*

Data presented in the context section, “Academic R&D
Within the National Enterprise,” are derived from National
Patterns of R&D Resources (National Science Foundation
(NSF) 2000), a report that aggregates NSF survey data on
the various sectors of the U.S. economy so that the compo-
nents of the overall R&D effort are placed in a national
context. These data are reported on a calendar-year basis,
and the data for 1999 and 2000 are preliminary. Data in
subsequent sections are reported on an academic or fiscal-
year basis and therefore differ from those reported in this
section. Data on major funding sources, funding by insti-
tution type, distribution of R&D funds across academic
institutions, and expenditures by field and funding source
are from the Survey of Research and Development Expen-
ditures at Universities and Colleges. For various method-
ological reasons, parallel data by field from the NSF Survey
of Federal Funds for Research and Development do not
necessarily match these numbers.

The data in the section “Emphasis on Research at Uni-
versities and Colleges” are drawn from the NCES IPEDS
finance survey. Although the definition of research used
in this survey is similar to that used in NSF surveys, the
data collected include fields other than S&E and do not
include many of the indirect costs associated with research;
thus, they are not comparable with other data presented in
this chapter. The IPEDS Finance Survey reports indirect

* For descriptions of the methodologies of the NSF surveys, see NSF
1995a and 1995b and the Division of Science Resources Statistics website:

<http://www.nsf.gov/sbe/srs/stats.htm>. Information about the NCES
survey is available at the NCES website: <http://www.ed.gov/NCES>.

costs as part of lump sums in other separate expenditure
categories, such as academic support, institutional sup-
port, and operation and maintenance of plant, rather than
distributing these costs to the research, instruction, and
public service functions. Data for 1996 were the most re-
cent available at the time this report was prepared. (For
more information about indirect costs, see the sidebar,
“Recent Developments on the Indirect Cost Front,” later
in this chapter.)

The data in the “Federal Support of Academic R&D”
section come primarily from NSF’s Survey of Federal Funds
for Research and Development. This survey collects data
on R&D obligations from about 30 Federal agencies. Data
for fiscal year (FY) 2000 and FY 2001 are preliminary es-
timates. The amounts reported for FY 2000 reflect con-
gressional appropriation action as of the third quarter of
FY 2000, the period in which the last survey was conducted.
Data for FY 2001 represent administration budget propos-
als that had not been acted on. Data on Federal obligations
by S&E field are available only for FY 1999, as they are
not estimated and refer only to research (basic and applied)
rather than to research plus development.

The data in the section “Spreading Institutional Base
of Federally Funded Academic R&D” are drawn from
NSF’s Survey of Federal Science and Engineering Sup-
port to Universities, Colleges, and Nonprofit Institutions.
This survey collects data on Federal R&D obligations to
individual U.S. universities and colleges from the approxi-
mately 18 Federal agencies that account for virtually all
such obligations. For various methodological reasons, data
reported in this survey do not necessarily match those re-
ported in the Survey of Research and Development Ex-
penditures at Universities and Colleges.

Data on facilities are taken from the Survey of Scien-
tific and Engineering Research Facilities. Data on research
equipment are taken from the Survey of Research and De-
velopment Expenditures at Universities and Colleges. Al-
though terms are defined specifically in each survey, in
general, facilities expenditures are classified as “capital”
funds, are fixed items such as buildings, often cost mil-
lions of dollars, and are not included within R&D expendi-
tures as reported here. Equipment and instruments (the terms
are used interchangeably) are generally movable, purchased
with current funds, and included within R&D expenditures.
Because the categories are not mutually exclusive, some
large instrument systems could be classified as either fa-
cilities or equipment. Expenditures on research equipment
are limited to current funds and do not include expendi-
tures for instructional equipment. Current funds, as opposed
to capital funds, are those in the yearly operating budget
for ongoing activities. Generally, academic institutions keep
separate accounts for current and capital funds.
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cent of the national total. Between 1953 and 1972, the aca-
demic sector’s basic research performance grew steadily, in-
creasing from about one-quarter to slightly more than one-half
of the national total. It has since fluctuated at between 43 and
51 percent of the national total.

Growth

Over the course of the past half century (1953 to 2000), the
average annual R&D growth rate (in constant 1996 dollars) of
the academic sector has been higher than that of any other R&D-
performing sector at 6.6 percent compared with about 5.8 per-
cent for other nonprofit entities, 5.0 percent for industry, 3.8
for federally funded research and development centers
(FFRDCs), and 2.6 percent for the Federal Government. (See
figure 5-3 and appendix table 4-4 for time series data by R&D
performing sector.) However, during the second half of the
1990s, average annual R&D growth within industry (an esti-
mated 6.9 percent) was higher than at academic institutions
(an estimated 4.1 percent). As a proportion of gross domestic
product (GDP), academic R&D rose from 0.07 to 0.30 percent
between 1953 and 2000, more than a fourfold increase. (See
appendix table 4-1 for GDP time series.)

Major Funding Sources

The academic sector relies on a variety of funding sources
for support of its R&D activities. Although the Federal Gov-
ernment continues to provide the majority of funds, its share
has declined steadily since reaching a peak of slightly more
than 73 percent in 1966. In 2000, the Federal Government
accounted for an estimated 58 percent of the funding for R&D
performed in academic institutions, its lowest share since the
late 1950s. (See figure 5-4.) The Federal sector primarily sup-

Figure 5-3.
Average annual R&D growth, by performing
sector: 1953-2000
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Figure 5-4.
Sources of academic R&D funding: 1953-2000
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ports basic research; 74 percent of its 2000 funding went to
basic research versus 26 percent to applied R&D. (See ap-
pendix table 5-1.) Non-Federal sources also are used predomi-
nantly for basic research; 62 percent of its 2000 funding went
to basic research versus 38 percent to applied R&D).

Federal support of academic R&D is discussed in detail
later in this section; the following list summarizes the contri-
butions of other sectors to academic R&D:?

4 Institutional funds. In 2000, institutional funds from uni-
versities and colleges constituted the second largest source
of funding for academic R&D, accounting for an estimated
20 percent, the highest level during the past half century.
Institutional funds encompass three categories: separately
budgeted funds from unrestricted sources that an academic
institution spends on R&D, unreimbursed indirect costs
associated with externally funded R&D projects, and man-
datory and voluntary cost sharing on Federal and other
grants. For more detailed discussions of both indirect costs
and the composition of institutional funds, see the sidebars
“The Composition of Institutional Academic R&D Funds”
and “Recent Developments on the Indirect Cost Front.”

The share of support represented by institutional funds has
been increasing steadily since the early 1960s, except for a
brief downturn in the early 1990s. Institutional R&D funds

3>The academic R&D funding reported here includes only separately bud-
geted R&D and institutions’ estimates of unreimbursed indirect costs asso-
ciated with externally funded R&D projects, including mandatory and
voluntary cost sharing. It does not include departmental research and thus
will exclude funds, notably for faculty salaries, in cases where research ac-
tivities are not separately budgeted.
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Comparisons of International Academic R&D Spending

Countries differ in the proportion of their research and
development that is performed at institutions of higher edu-
cation. Among the G-7 countries (Canada, France, Ger-
many, Italy, Japan, the United Kingdom, and the United
States) R&D performed in the academic sector, as a pro-
portion of total R&D performance, varied between 12 per-
cent in the United States and 25 percent in Italy. In Russia,
only 5 percent of R&D was performed in academic institu-
tions. (See text table 5-1.)

A number of factors may account for the differences in
the role academia plays in the performance of R&D from
country to country. The distribution of a country’s R&D
expenditures among basic research, applied research, and
development affects the share performed by higher educa-
tion. Because the academic sector primarily carries out re-
search (generally basic) rather than development activities,
countries in which development activities take greater

Text table 5-1.
Academic R&D as percentage of total R&D perfor-
mance: 1998 or 1999

United States 12
Canada........... 24
France ...... 18
GEIMNANY ..etieeieeiiee ettt ettt sne e e aneeennees 17
E@IY e 25
Japan ... 15
RUSSIA e et 5
United Kingdom ........ccceeiiiiiiiiiieiceeceeceeeeee 20

See appendix table 4-42.
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prominence rely less on the academic sector for overall
R&D performance. The importance of other sectors in
R&D performance also affects the academic sector’s
share. Among the G-7 countries, the United States has
the highest share of R&D performed by industry.* Insti-
tutional and cultural factors such as the role and extent of
independent research institutions, national laboratories,
and government-funded or -operated research centers,
probably also affect the academic sector’s share.

Finally, different accounting conventions among coun-
tries may account for some of the differences reported.
The national totals for academic R&D for Europe,
Canada, and Japan include the research components of
general university funds (GUF) provided as block grants
to the academic sector by all levels of government. There-
fore, at least conceptually, the totals include academia’s
separately budgeted research and research undertaken as
part of university departmental research activities. In the
United States, the Federal Government generally does not
provide research support through a GUF equivalent, pre-
ferring instead to support specific, separately budgeted
R&D projects. On the other hand, a fair amount of state
government funding probably does support departmen-
tal research at U.S. public universities. Universities gen-
erally do not maintain data on departmental research,
which is considered an integral part of instruction pro-
grams. U.S. totals thus may be underestimated relative to
the academic R&D efforts reported for other countries.

*See “International R&D by Performer, Source, and Character of Work™
in chapter 4 for more detailed information, including data on the sources
of funding for academic R&D in different countries.

may be derived from (1) general-purpose state or local gov-
ernment appropriations (particularly for public institutions)
or Federal appropriations; (2) general-purpose grants from
industry, foundations, or other outside sources; (3) tuition and
fees; (4) endowment income; and (5) unrestricted gifts. Other
potential sources of institutional funds are income from pat-
ents or licenses and income from patient care revenues. See
“Patents Awarded to U.S. Universities” later in this chapter
for a discussion of patent and licensing income.

¢ State and local government funds. State and local gov-
ernments provided an estimated 7 percent of academic
R&D funding in 2000. They played a larger role during
the early 1950s, when they provided about 15 percent of the
funding. Since 1980, the state and local share of academic
R&D funding has fluctuated between 7 and 8 percent. This
share, however, only reflects funds directly targeted to aca-
demic R&D activities by the state and local governments. It
does not include general-purpose state or local government
appropriations that academic institutions designate and use
for separately budgeted research or to cover unreimbursed

indirect costs.® Consequently, the actual contribution of state
and local governments to academic R&D is understated,
particularly for public institutions.

¢ Industry funds. In 2000, industry provided an estimated

8 percent of academic R&D funding. The funds provided
for academic R&D by the industrial sector grew faster than
funding from any other source during the past three de-
cades, although industrial support still accounts for one of
the smallest shares of funding. Industrial funding of aca-
demic R&D has never been a major component of indus-
try-funded R&D. During the 1950s, industry’s share was
actually larger than it is currently, peaking at 8.5 percent
in 1957. In 1994, industry’s contribution to academic R&D
represented 1.5 percent of its total support of R&D com-
pared with 1.4 percent in 1990, 0.9 percent in 1980, 0.6 per-
cent in 1970, and 1.1 percent in 1958. Since 1994, the share

This follows a standard of reporting that assigns funds to the entity that

determines how they are to be used rather than to the one that necessarily
disburses the funds.
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The Composition of Institutional Academic R&D Funds

During the past three decades, institutional funds for
academic R&D grew faster than funds from any other
sources except industry and faster than any other source
during the past five years. (See appendix table 5-2.) In 2000,
academic institutions are estimated to have committed a
substantial amount of their own resources to R&D: roughly
$6 billion, or 20 percent of total academic R&D. In 1999,
the share of institutional support for academic R&D at
public institutions (24 percent) was greater than at private
institutions (9 percent). (See appendix table 5-3.) One pos-
sible reason for this large difference in relative support is
that public universities and colleges’ own funds may in-
clude considerable state and local funds not specifically
designated for R&D but used for that purpose by the insti-
tutions. Throughout the 1980s and 1990s, institutional R&D
funds were divided roughly equally between two compo-
nents: separately budgeted institutional R&D funds and
mandatory and voluntary cost sharing plus unreimbursed
indirect costs associated with R&D projects financed by
external organizations. Institutional funds at public and
private universities and colleges differ not only in their
importance to the institution but also in their composition.
From 60 to 70 percent of private institutions’ own funds
were designated for unreimbursed indirect costs plus cost
sharing compared with 44 to 50 percent of public institu-
tions’” own funds. (See figure 5-5.) For information about
recent changes in indirect cost policy, see the sidebar, “Re-
cent Developments on the Indirect Cost Front.”

Figure 5-5.
Components of institutional R&D expenditures for
public and private academic institutions: 1980-99
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Recent Developments on the Indirect Cost Front

About three-quarters of the Federal investment in aca-
demic R&D supports the direct costs of conducting re-
search, that is, those costs that can be directly attributed to
a research project. The remainder of the investment reim-
burses indirect costs. These are general expenses that can-
not be associated with specific research projects but pay
for things that are used collectively by many research
projects at an academic institution. Two major components
of indirect costs exist: (1) the construction, maintenance,
and operation of facilities used for research and (2) the
support of administrative expenses such as financial man-
agement, institutional review boards, and environment,
health, and safety management. The Office of Management
and Budget (OMB) Circular A-21, the document govern-
ing indirect cost reimbursement policies, documentation,
and accounting practices, refers to these costs as “facility
and administrative” (F&A) costs (U.S. Office of Manage-
ment and Budget (U.S. OMB) 2000). F&A rates are estab-
lished through negotiations between the Federal

Government and individual institutions and are then gen-
erally used to determine the F&A reimbursement.

In 1998, Congress, through the National Science Foun-
dation Authorization Act (Public Law 105-207), directed
the Office of Science and Technology Policy (OSTP) to
address six issues related to the ways universities and col-
leges recover indirect costs incurred in performing research
under Federal grants and contracts:

1. comparison of indirect cost rates across sectors,

2. distribution of rates by spending category,

3. the impact of changes in OMB Circular A-21,

4. the impact of Federal and state law on rates,
5

. options to reduce or control the rate of growth of reim-
bursement rates, and

6. options for creating an indirect cost database.

In July 2000, OSTP produced a report addressing these
issues (U.S. Office of Science and Technology Policy (U.S.



5-12 ¢

OSTP) 2000). In conducting its analyses, OSTP used
input from a report that it commissioned from RAND
(Goldman et al. 2000), data provided by the Council on
Governmental Relations, discussions and data provided
by a small group of public and private research universi-
ties, discussions with OMB and other Federal agencies,
and other unpublished reports. In its analysis of the six
major issues raised by Congress, OSTP concluded the
following:

1. Comparison of F&A rates across sectors. Rates at
universities and colleges appear to be slightly lower
than those at other types of research institutions, such
as Federal laboratories and industrial facilities.

2. Distribution of F&A rates by spending category. Ne-
gotiated F&A rates have remained stable at approxi-
mately 50 percent for at least a decade. The average
rates for administration have declined somewhat, al-
though rates for facilities have increased. The decline
in the administrative rate can be attributed to the im-
position of the administrative cap in 1991; however,
the F&A rate often is not an accurate reflection of an
institution’s actual recovery. (See item 4 below.)

3. Impact of changes in OMB Circular A-21. During
the 1990s, OMB implemented a number of changes in
Circular A-21 to limit the payment of certain costs, to
provide clarification for consistent treatment of other
costs, and to simplify some administrative procedures.
During 1993, the first full year of the 26 percent ad-
ministrative cap, negotiated administrative rates fell by
about 2 percent and have since remained constant.
Depreciation/use allowance rates for buildings and
equipment have increased gradually from 6 percent in
1988 to approximately 9 percent in 1999, although
some of the increase has been offset by reductions in
operations and maintenance rates.

4. Impact of Federal and state laws on F&A rates.
Some Federal statutes and agency policies may limit
the amount a university can recover. Moreover, state
policies and internal institutional policies may also limit
F&A recovery. In addition to the administrative require-
ments mandated by OMB circulars, universities must
also satisfy other Federal, state, and local laws and regu-
lations regarding the conduct of research. These laws
and regulations govern practices in many areas, includ-
ing hazardous waste, occupational safety, animal care,
and the protection of human subjects and are associ-
ated with real administrative costs that most likely will
affect F&A rates for universities that are below the 26
percent cap on administrative costs. Universities whose
administrative expenses are already at or above the 26
percent cap may need to provide additional institutional
resources for their research activities. See the previ-
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ous sidebar, “The Composition of Institutional Aca-
demic R&D Funds,” for further discussion of
unreimbursed indirect costs.

5. Options to reduce or control the rate of growth of
Federal F& A reimbursement rates. If changes were
implemented to reduce F&A reimbursement, the re-
sulting shift of costs to universities would be detrimen-
tal to the research enterprise by either reducing
spending for research and education or being passed
on to students through increased tuition rates. In addi-
tion, any enactment of the mechanisms to decrease in-
direct cost recovery that are discussed in the report
could result in reduced investments in building and
renovating scientific facilities, thus jeopardizing future
research capability and the S&E workforce. For the
specific options discussed to reduce F&A costs, see
U.S. OSTP 2000, appendix B.

6. Options for creating an F&A database. Some exist-
ing databases capture some F&A data. However, no
systematic method by which the Federal Government
collects data on F&A rates and costs exists. Therefore,
it would be advantageous to create and maintain a da-
tabase for Federal research F&A data that could track
Federal indirect cost rates and reimbursement. Such a
database would permit analysis of the impact that
changes in policies would have on indirect costs and
on the Federal Government, researchers, and research
institutions. Creating such a database would require
an organization within the government to take respon-
sibility for collecting and analyzing these data. A revi-
sion to Circular A-21 in August 2000, required
institutions to use a standard format for F&A rate pro-
posals submitted on or after July 1, 2001. Adoption of
this standard format might prove useful in facilitating
the future development of an F&A database.

In early 2001, OMB issued a memorandum clarifying
its treatment of two indirect cost issues—voluntary un-
committed cost sharing and tuition remission costs. For a
detailed discussion of the changes, see Gotbaum 2001.
Most faculty-organized research effort is either charged
directly to the sponsor or is considered mandatory or vol-
untary cost sharing and captured in the accounting sys-
tem. Voluntary uncommitted cost sharing, university
faculty effort over and above that which is committed and
budgeted for in a sponsored agreement, is not generally
captured in the accounting system. Some Federal Gov-
ernment officials have interpreted Circular A-21 to re-
quire that a proportionate share of F&A costs be assigned
to the voluntary uncommitted cost sharing effort either
by including an estimated amount in the organized research
base (thereby lowering the F&A reimbursement rate) or
by adjusting the allocation of facility costs related to this
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effort (thereby lowering the facility costs eligible for re-
imbursement). The burden associated with detailed report-
ing of voluntary uncommitted cost sharing may be a
disincentive for universities to contribute additional time
to a research effort. In addition, the imprecise nature of
the data concerning the amount of involuntary uncommit-
ted cost sharing has made it difficult to compute and use
as part of rate negotiations between the Federal Govern-
ment and universities. Consequently, the memorandum
stated that “voluntary uncommitted cost sharing should
be treated differently from committed effort and should
not be included in the organized research base for calcu-
lating the F&A rate or reflected in any allocation of F&A
costs” (Gotbaum 2001).

Circular A-21 states that “the dual role of students
engaged in research and the resulting benefits to spon-
sored agreements are fundamental to the research effort
and shall be recognized in the application of these prin-

has steadily declined from 1.5 to 1.2 percent. (See appendix
table 4-4 for time series data on industry-funded R&D.)

4 Other sources of funds. In 2000, other sources of support
accounted for 7 percent of academic R&D funding, a level
that has stayed rather constant during the past three decades
after declining from a peak of 10 percent in 1953. This cat-
egory of funds includes grants for R&D from nonprofit or-
ganizations and voluntary health agencies and gifts from
private individuals that are restricted by the donor to the
conduct of research, as well as all other sources restricted to
research purposes not included in the other categories.

Funding by Institution Type

Although public and private universities rely on the same
funding sources for their academic R&D, the relative impor-
tance of those sources differs substantially for these two types
of institutions. (See figure 5-6 and appendix table 5-3.) For all
public academic institutions combined, slightly less than 10
percent of R&D funding in 1999, the most recent year for which
data are available, came from state and local funds, about 24
percent from institutional funds, and about 52 percent from the
Federal Government. Private academic institutions received a
much smaller portion of their funds from state and local gov-
ernments (about 2 percent) and institutional sources (10 per-
cent), and a much larger share from the Federal Government
(72 percent). The large difference in the role of institutional
funds at public and private institutions is most likely due to a
substantial amount of general-purpose state and local govern-
ment funds that public institutions receive and decide to use
for R&D (although data on such breakdowns are not collected).
Both public and private institutions received approximately 7—
8 percent of their respective R&D support from industry in
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ciples.” It further states that “tuition remission costs for
students are allowable on sponsored awards provided that
there is a bona fide employer-employee relationship be-
tween the student and the institution.” This last state-
ment has been interpreted by some government officials
to mean that, for tuition remission costs to be allowable,
students must be treated as employees of the university
for tax purposes, which would mean that the students’
tuition remission benefits must be treated as taxable
wages. This misunderstanding generated a considerable
amount of concern from universities and Federal research
agencies. The OMB memorandum clarified this by indi-
cating that Federal policy on the support of graduate stu-
dents participating in research is to provide a reasonable
amount of support (tuition remission and other support)
on the basis of the individual’s participation in the project
and is not contingent on there being an employer-em-
ployee relationship for tax purposes.

Figure 5-6.
Sources of academic R&D funding for public and
private institutions: 1999
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1999. Over the past two decades, the Federal share of support
has declined, and the industry and institutional shares have in-
creased for both public and private institutions.

Distribution of R&D Funds Across
Academic Institutions

The nature of the distribution of R&D funds across aca-
demic institutions has been and continues to be a matter of
interest to those concerned with the academic R&D enter-
prise. Most academic R&D is now, and has been historically,
concentrated in relatively few of the 3,600 U.S. institutions
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of higher education.” In fact, if all such institutions were ranked
by their 1999 R&D expenditures, the top 200 institutions
would account for about 96 percent of R&D expenditures.
(See appendix table 5-4.) In 1999:

¢ the top 10 institutions spent 17 percent of total academic
R&D funds ($4.6 billion),

4 the top 20 institutions spent 30 percent ($8.3 billion),
4 the top 50 spent 57 percent ($15.6 billion), and
4 the top 100 spent 80 percent ($22.1 billion).

The historic concentration of academic R&D funds dimin-
ished somewhat between the mid-1980s and mid-1990s but
has remained relatively steady since then. (See figure 5-7.) In
1985, the top 10 institutions received about 20 percent of the
nation’s total academic R&D expenditures and the top 11-20
institutions received 14 percent compared with 17 and 13
percent, respectively, in 1999. The composition of the univer-
sities in the top 20 has also fluctuated slightly from 1985 to
1999. There was almost no change in the share of the group
of institutions ranked 21-100 during this period. The decline
in the top 20 institutions’ share was matched by the increase
in the share of those institutions in the group below the top
100. This group’s share increased from 17 to 20 percent of
total academic R&D funds, signifying a broadening of the
base. See “Spreading Institutional Base of Federally Funded
Academic R&D later in this chapter, under the section “Fed-
eral Support of Academic R&D,” for a discussion of the in-
creased number of academic institutions receiving Federal
support for their R&D activities during the past three decades.

Emphasis on Research at Universities
and Colleges

Between 1977 and 1996, the nation’s universities and col-
leges increased their relative emphasis on research, as mea-
sured by research expenditures as a share of combined
expenditures on instruction, research, and public service,?
which are the three primary functions of academic institu-
tions. This indicator rose from 19 to 21 percent during this
period. This aggregate change, however, masks quite differ-
ent trends at public and private institutions and among insti-
tutions with different Carnegie classifications. At public
universities and colleges, the research expenditure share rose
from 17 to 21 percent during this period, whereas at private
institutions this share declined from 24 to 21 percent. (See

7 The Carnegie Foundation for the Advancement of Teaching classified
about 3,600 degree-granting institutions as higher education institutions in
1994. See chapter 2 sidebar, “Carnegie Classification of Academic Institu-
tions,” for a brief description of the Carnegie categories. These higher edu-
cation institutions include four-year colleges and universities, two-year
community and junior colleges, and specialized schools such as medical and
law schools. Not included in this classification scheme are more than 7,000
other postsecondary institutions (secretarial schools, auto repair schools, etc.).

8 Public service includes funds expended for activities that are established
primarily to provide noninstructional services beneficial to individuals and
groups external to the institution. These activities include community ser-
vice programs and cooperative extension services.
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Figure 5-7.
Share of academic R&D of universities and
colleges by rank of R&D expenditures: 1985-99
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figure 5-8 and appendix table 5-5.) The increased relative
emphasis on research activity at public institutions was offset
by a decline in emphasis on instruction. At private institu-
tions, the declining relative emphasis on research was not oft-
set by increased emphasis on instruction but by an increased
emphasis on public service.

Although the increased emphasis on research in public in-
stitutions occurred in each of the four groups of institutions
in Carnegie classes Research I and I and Doctorate-granting
I and II, and the declining emphasis in research at private

Figure 5-8.

Changes in share of combined expenditures
accounted for by research, instruction, and public
service at public and private institutions: 1977-96
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institutions occurred in all four of these Carnegie classes, the
extent of change was more substantial in some groups than in
others. (See figure 5-9 and appendix table 5-6.) The increase
in research emphasis in the public Doctorate-granting I group
(6 to 13 percent) and the public Doctorate-granting II group
(16 to 25 percent) were much larger than for the other two
public groups. The decline for the private Research I class
(42 to 36 percent) and the private Doctorate-granting II group
(18 to 14 percent) were larger than for the other two groups.

Expenditures by Field and Funding Source

The distribution of academic R&D funds across S&E disci-
plines often is the unplanned result of numerous, sometimes unre-
lated, decisions and therefore needs to be monitored and
documented to ensure that it remains appropriately balanced. The
overwhelming share of academic R&D expenditures in 1999 went
to the life sciences, which accounted for 57 percent of total aca-
demic R&D expenditures, 56 percent of Federal academic R&D
expenditures, and 58 percent of non-Federal academic R&D ex-
penditures. (See appendix table 5-7.) Within the life sciences, the
medical sciences accounted for 29 percent of total academic R&D
expenditures and the biological sciences for 18 percent.” The next

“The medical sciences include fields such as pharmacy, veterinary medi-
cine, anesthesiology, and pediatrics. The biological sciences include fields
such as microbiology, genetics, biometrics, and ecology. These distinctions
may be blurred at times, because boundaries between fields often are not
well defined.

Figure 5-9.

Research as percentage of the total of instruction,
research, and public service expenditures, by
Carnegie class and type of control: 1977-96
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largest block of total academic R&D expenditures was for
engineering—15 percent in 1999. The distribution of Federal
and non-Federal funding of academic R&D in 1999 varied
by field. (See appendix table 5-7.) For example, the Federal
Government supported more than three-quarters of academic
R&D expenditures in both physics and atmospheric sciences
but one-third or less of academic R&D in economics, politi-
cal science, and the agricultural sciences.

The declining Federal share in support of academic R&D
is not limited to particular S&E disciplines. The federally fi-
nanced fraction of support for each of the broad S&E fields
was lower in 1999 than in 1973.1° (See appendix table 5-8.)
The most dramatic decline occurred in the social sciences,
down from 57 percent in 1973 to 37 percent in 1999. The
overall decline in Federal share also holds for all the reported
fine S&E fields. However, most of the declines occurred in
the 1980s, and most fields did not experience declining Fed-
eral shares during the 1990s.

Although academic R&D expenditures in constant 1996
dollars for every field increased between 1973 and 1999 (see
figure 5-10 and appendix table 5-9), the R&D emphasis of

19[n this chapter, the broad S&E fields refer to the physical sciences, math-
ematics, computer sciences, environmental sciences (earth, atmospheric, and
ocean), life sciences, psychology, social sciences, other sciences (not else-
where classified), and engineering. The more disaggregated fields of sci-
ence and engineering are referred to as “fine fields” or “subfields.”

Figure 5-10.
Academic R&D expenditures, by field: 1973-99
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the academic sector, as measured by its S&E field shares,
changed during this period.!' (See figure 5-11.) Absolute
shares of academic R&D have:

4 increased for engineering, the life sciences, and the com-
puter sciences;

4 remained roughly constant for mathematics; and

4 declined for psychology, environmental (earth, atmo-
spheric, and ocean) sciences, physical sciences, and social
sciences.

Although the proportion of the total academic R&D funds
going to the life sciences increased by only 4 percentage points
between 1973 and 1999, rising from 53 to 57 percent of aca-
demic R&D, the medical sciences’ share increased by almost
7 percentage points, from 22 to 29 percent of academic R&D,
during this period. (See appendix table 5-9.) The share of funds
for each of the other two major components of the life sci-
ences, agricultural sciences and biological sciences, decreased
during the period. Engineering’s share increased by almost 4
percentage points, from about 11.5 to 15.5 percent of aca-
demic R&D, while computer sciences’ share increased by 2
percentage points, from 1 to 3 percent.

The social sciences’ proportion of total academic R&D
funds declined by more than 3 percentage points (from 8§ to
less than 5 percent) between 1973 and 1999. Within the so-
cial sciences, R&D shares for each of the three main fields,
economics, political science, and sociology, declined over the
period. Psychology’s share declined by 1 percentage point
(from 3 to 2 percent of academic R&D). The environmental

For a more detailed discussion of these changes, see How Has the Field
Mix of Academic R&D Changed? (NSF 1998) and Trends in Federal Sup-
port of Research and Graduate Education (National Academies Board on
Science, Technology and Economic Policy, forthcoming).

Figure 5-11.
Changes in share of academic R&D in
selected S&E fields: 1973-99
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sciences’ share also declined by 1 percentage point (from 7 to
6 percent). Within the environmental sciences, the three ma-
jor fields; atmospheric, earth, and ocean sciences, each expe-
rienced a decline in share. The physical sciences’ share also
declined during this period, from 11 to 9 percent. Within the
physical sciences, however, astronomy’s share increased, while
the shares of both physics and chemistry declined.

Federal Support of Academic R&D

The Federal Government continues to provide the major-
ity of the funding for academic R&D. Its overall contribution
is the combined result of a complex set of Executive and Leg-
islative branch decisions to fund a number of key R&D-sup-
porting agencies with differing missions.

Some of the Federal R&D funds obligated to universities
and colleges are the result of appropriations that Congress
directs Federal agencies to award to projects that involve spe-
cific institutions. These funds are known as congressional
earmarks. (See sidebar, “Congressional Earmarking to Uni-
versities and Colleges” for a discussion of this subject.) Ex-
amining and documenting the funding patterns of the key
funding agencies is key to understanding both their roles and
that of the government overall.

Top Agency Supporters

Three agencies are responsible for most of the Federal ob-
ligations for academic R&D are concentrated in three agen-
cies: the National Institutes of Health (NIH), NSF, and the
Department of Defense (DOD). (See appendix table 5-10.)
Together, these agencies are estimated to have provided ap-
proximately 84 percent of total Federal financing of academic
R&D in 2001: 60 percent by NIH, 15 percent by NSF, and 9
percent by DOD. An additional 11 percent of the 2001 obli-
gations for academic R&D are estimated to be provided by
the National Aeronautics and Space Administration (NASA)
at 4 percent; the Department of Energy (DOE) at 4 percent;
and the Department of Agriculture (USDA) at 3 percent. Fed-
eral obligations for academic research are concentrated simi-
larly as those for R&D. (See appendix table 5-11.) Some
differences exist, however, because some agencies (e.g., DOD)
place greater emphasis on development, whereas others (e.g.,
NSF) place greater emphasis on research.

Between 1990 and 2001, NIH’s funding of academic R&D
increased most rapidly, with an estimated average annual
growth rate of 4.9 percent per year in constant 1996 dollars.
NSF and NASA experienced the next highest rates of growth:
4.2 and 3.1 percent, respectively.

Agency Support by Field

Federal agencies emphasize different S&E fields in their
funding of academic research. Several agencies concentrate
their funding in one field; the Department of Health and Hu-
man Services (HHS) and USDA focus on life sciences,
whereas DOE concentrates on physical sciences. Other agen-
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Congressional Earmarking to Universities and Colleges

Academic earmarking, the congressional practice of
providing Federal funds to educational institutions for
research facilities or projects without merit-based peer
review, exceeded the billion-dollar mark for the first time
ever in fiscal year (FY) 2000 and reached almost $1.7
billion in FY 2001.*

The lack of an accepted definition of academic ear-
marking, combined with the difficulty of detecting many
earmarked projects because they are either obscured or
described vaguely in the legislation providing the fund-
ing, often makes it difficult to obtain exact figures for
either the amount of funds or the number of projects
specifically earmarked for universities and colleges.
Even with these difficulties, however, a number of ef-
forts have been undertaken during the past two decades
to measure the extent of this activity.

A report from the Committee on Science, Space, and
Technology (U.S. House of Representatives 1993) that
estimates trends in congressional earmarking indicated
that the dollar amount of such earmarks increased from
the tens to the hundreds of millions between 1980 and
the early 1990s, reaching $708 million in 1992. (See text
table 5-2.) In the report, the late Congressman George E.
Brown, Jr., (D-CA) stated, “I believe that the rational, fair,
and equitable allocation and oversight of funds in sup-
port of the nation’s research and development enterprise
is threatened by the continued increase in academic ear-
marks. To put it colloquially, a little may be okay, but too
much is too much.”

During the past decade, the Chronicle of Higher Edu-
cation also tried to estimate trends in academic earmark-
ing through its annual survey of Federal spending laws
and the congressional reports that explain them. The

* Not all of these funds go to projects that involve research. In FY'
2001, an estimated 84 percent of the earmarked funds were for re-
search projects, research equipment, or construction or renovation of
research laboratories.

fInits FY 2001 budget submission to Congress (OMB 2001), OMB
included a new category of Federal funding for research: research
performed at congressional direction. This consists of intramural and
extramural research in which funded activities are awarded to a single
performer or collection of performers. There is limited or no com-
petitive selection, or there is competitive selection but the research is
outside the agency’s primary mission, and undertaking the research
is based on direction from the Congress in law, in report language, or
by other direction. The total reported for this activity is $2.2 billion.
The data are not disaggregated by type of performer.

Chronicle s latest analysis showed that after reaching a peak
of $763 million in 1993, earmarked funds declined rather
substantially over the next several years, reaching a low of
$296 million in FY 1996. After 1996, however, earmarks
began to increase once again, and this growth continued
throughout the latter part of the 1990s. Congress directed
Federal agencies to award at least $1.044 billion for such
projects in FY 2000, a 31 percent rise over FY 1999
record total of $797 million (Brainard and Southwick
2000), and $1.668 billion in FY 2001, a 60 percent rise
over FY 2000 (Brainard and Southwick 2001). A record
number of new institutions received earmarks in FY 2000,
and money was provided for institutions in every state
except Delaware. Also, for the first time, Congress ear-
marked funds to a virtual university. Helping to drive the
large increase in FY 2000 was a sharp rise in earmarks for
construction projects, with more than $152 million being
spent on brick-and-mortar projects on campuses, more than
double the amount spent in FY 1999.

Text table 5-2.

Funds for Congressionally earmarked academic
research projects: 1980-2001

(Millions of dollars)

Earmarked Earmarked
Year funds Year funds

11 470
708
763
651
600
296
440

528

SOURCES: Data for 1980-92 are from the U.S. House of Representa-
tives, Committee on Science, Space, and Technology, 1993; “Academic
Earmarks: An Interim Report by the Chairman of the Committee on
Science, Space, and Technology” (Washington, DC); data from 1993-
2000 are from J. Brainard and R. Southwick, “Congress Gives Colleges
a Billion-Dollar Bonanza in Earmarked Projects” (The Chronicle of
Higher Education, Volume 46, July 28, 2000, p. A29); and data from
2001 are from J. Brainard and R. Southwick, “A Record Year at the
Federal Trough: Colleges Feast on $1.67 Billion in Earmarks” (The
Chronicle of Higher Education, Volume 47, August 10, 2001, p. A20).
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Figure 5-12.
Distribution of Federal agency academic research
obligations, by field: FY 1999
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cies, NSF, NASA, and DOD, have more diversified funding
patterns. (See figure 5-12 and appendix table 5-12.) Even
though an agency may place a large share of its funds in one
field, it may not be a leading contributor to that field, particu-
larly if it does not spend much on academic research. (See
figure 5-13.) In FY 1999, NSF was the lead funding agency
in physical sciences (33 percent of total funding), mathemat-
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Figure 5-13.
Major agency field shares of Federal academic
research obligations: FY 1999
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ics (64 percent), computer sciences (53 percent), environmen-
tal sciences (48 percent), and social sciences (42 percent).
DOD was the lead funding agency in engineering (38 per-
cent). HHS was the lead funding agency in life sciences (87
percent) and psychology (95 percent). Within the fine S&E
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fields, other agencies took the leading role: DOE in physics
(44 percent), USDA in agricultural sciences (100 percent),
and NASA in astronomy (78 percent) and both aeronautical
(55 percent) and astronautical (97 percent) engineering. (See
appendix table 5-13.)

Spreading Institutional Base of Federally
Funded Academic R&D

Since 1994, the number of academic institutions receiving
Federal support for their R&D activities has declined. This de-
cline followed a 20-year period in which there was a general
upward trend in the number of institutions receiving such sup-
port.!? (See figure 5-14.) The change in number has occurred
almost exclusively among institutions of higher education not
classified as Carnegie research or doctorate-granting institutions
but in those classified as comprehensive; liberal arts; two-year
community, junior, and technical; or professional and other spe-
cialized schools. The number of such institutions receiving Fed-
eral support nearly doubled between 1971 and 1994, rising from
341 to 676, but then dropped to only 559 in 1999. (See appendix
table 5-14.) The institutions that were not classified as Carnegie
research or doctorate-granting institutions also received a larger
share of the reported Federal obligations for R&D to universities
and colleges in the 1990s than they have at any time in the past.
Their share even continued to increase during the latter part of
the 1990s, reaching almost 14 percent in 1999. The largest per-

12Although there was a general increase in the number of institutions re-
ceiving Federal R&D support between 1974 and 1994, a rather large decline
occurred in the early 1980s that was most likely due to the fall in Federal
R&D funding for the social sciences during that period.

Figure 5-14.

Number of academic institutions receiving
Federal R&D support by selected Carnegie
classifications: 1971-99
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centage this group had received before the 1990s was just under
11 percent in 1977. This increase in share is consistent with the
increase in the share of academic R&D going to institutions be-
low the top 100 reported earlier in this chapter in “Distribution
of R&D Funds Across Academic Institutions.”

Academic R&D Facilities and Equipment

The condition of the physical infrastructure for academic
R&D, especially the state of research facilities and equipment, is
a key factor in the continued success of the U.S. academic R&D
enterprise. The National Science Board’s (NSB’s) concern that
the quality and adequacy of the S&E infrastructure are critical to
maintaining U.S. leadership in S&E research and education re-
cently led it to establish a task force to examine this issue. (See
sidebar, “The NSB Task Force on S&E Infrastructure.”)

Facilities

Total Space. The amount of academic S&E research
space'? grew continuously over the past decade. Between 1988
and 1999, total academic S&E research space increased by
almost 35 percent, from about 112 million to 151 million net
assignable square feet (NASF).'* (See appendix table 5-15.)
Doctorate-granting institutions accounted for most of the
growth in research space over this period.

Little change was noted in the distribution of academic re-
search space across S&E fields between 1988 and 1999. (See
appendix table 5-15.) About 90 percent of current academic
research space continues to be concentrated in six S&E fields:

4 biological sciences (21 percent in 1988 and 1999),

¢ medical sciences (17 percent in 1988 and 18 percent in
1999),

# agricultural sciences (16 percent in 1988 and 17 percent
in 1999),

¢ engineering (14 percent in 1988 and 17 percent in 1999),

# physical sciences (14 percent in 1988 and 13 percent in
1999), and

4 environmental sciences (5 percent in 1988 and 1999).

New Construction. Between 1986-87 and 1998-99, the
total anticipated cost for completion of new construction
projects for academic research facilities begun in each two-
year period fluctuated between $2 and $3 billion. (See appen-
dix table 5-16.) Projects planned for 2000 and 2001, however,
are expected to cost $7.4 billion by the time they are com-
pleted, and those begun in 1998 and 1999 are expected to cost
$2.8 billion (reported in 1999 survey). Earlier in the planning

13 For more detailed data and analysis on academic S&E research facilities
(e.g., by institution type and control), see NSF (2001d,e).

14 “Research space” here refers to NASF within facilities (buildings) in
which S&E research activities take place. NASF is defined as the sum of all
areas (in square feet) on all floors of a building assigned to, or available to be
assigned to, an occupant for a specific use, such as instruction or research.
Multipurpose space within facilities (e.g., an office) is prorated to reflect the
proportion of use devoted to research activities. NASF data for new con-
struction and repair/renovation are reported for combined years (e.g., 1987—
88 data are for FY 1987 and FY 1988). NASF data on total space are reported
at the time of the survey and were not collected in 1986.
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stage, however, projects expected to begin in 1998 and 1999
were expected to cost $3.9 billion (reported in the previous S&E
Facilities survey). Construction projects initiated between 1986
and 1999 were expected to produce more than 72 million square
feet of research space when completed, the equivalent of about
48 percent of estimated 1999 research space. A significant por-
tion of newly created research space is likely to replace obso-

The NSB Task Force
on S&E Infrastructure

The National Science Board is responsible for moni-
toring the health of the national research and education
enterprise. Within the past year, NSB determined that the
status of the national infrastructure for fundamental sci-
ence and engineering should be assessed to ensure its
future quality and availability to the broad S&E commu-
nity. The Board believed that the S&E infrastructure had
grown and changed and that the needs of the S&E com-
munity had evolved since the last major assessments were
conducted more than a decade ago. Several trends con-
tributed to the need for a new assessment, including:

4 the impact of new technologies on research facilities
and equipment;

4 changing infrastructure needs in the context of new
discoveries, intellectual challenges, and opportunities;

4 the impact of new tools and capabilities such as in-
formation technology and large databases;

4 the rapidly escalating cost of research facilities;

4 changes in the university environment affecting support
for S&E infrastructure development and operation; and

4 the need for new strategies for partnering and col-
laboration.

An NSB Task Force on S&E Infrastructure was es-
tablished to undertake and guide the assessment. The
task force was asked to assess the current status of the
national S&E infrastructure, the changing needs of sci-
ence and engineering, and the requirements for a capa-
bility of appropriate quality and size to ensure continuing
U.S. leadership. Among the specific issues the task force
was asked to consider were the following:

¢ appropriate strategies for sharing infrastructure costs
for both development and operations among differ-
ent sectors, communities, and nations;

¢ partnering and use arrangements conducive to en-
suring the most effective use of limited resources and
the advancement of discovery;

4 the balance between maintaining the quality of ex-
isting facilities and the creation of new ones; and

4 the process for establishing priorities for investment in in-
frastructure across fields, sectors, and Federal agencies.

Further information about the work of the task force can be found
on the Board’s website at <http://www.nsf.gov/nsb/>.
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lete or inadequate space rather than actually increase existing
space, indicated by the total research space increase of 39 mil-
lion NASF between 1988—89 and 1999, a period in which new
construction activity was expected to produce 62 million NASF.
(See appendix table 5-15.)

The ratio of planned new construction during the 1986—
99 period to 1999 research space differs across S&E fields.
More than three-quarters of the research space in medical
sciences at medical schools and in computer sciences appears
to have been built in the 198699 period. In contrast, less
than one-quarter of the research space for mathematics and
psychology appears to have been newly constructed during
this period. (See figure 5-15.)

Repair and Renovation. The total cost of repair/renova-
tion projects has also fluctuated over time. Expenditures for
major repair/renovation (i.e., projects costing more than
$100,000) of academic research facilities begun in 1998-99
are expected to reach $1.7 billion. (See appendix table 5-16.)
Projects initiated between 1986 and 1999 were expected to
result in the repair/renovation of more than 87 million square
feet of research space.'> (See appendix table 5-15.) Repair/
renovation expenditures as a proportion of total capital ex-
penditures (construction and repair/renovation) have increased

Tt is difficult to report repaired/renovated space in terms of a percentage
of existing research space. As collected, the data do not differentiate be-
tween repair and renovation, nor do they provide an actual count of unique
square footage that has been repaired or renovated. Thus, any proportional
presentation might include double or triple counts, because the same space
could be repaired (especially) or renovated several times.

Figure 5-15.

New construction of research space planned
during the 1986-99 period as a percentage of
1999 research space, by S&E field
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steadily since 1990-91, rising from 22 percent of all capital
project spending to 37 percent by 1998-99.

Sources of Funds. Academic institutions derive their funds
for new construction and repair/renovation of research facilities
from a number of sources: the Federal Government, state and
local governments, institutional funds, private donations, tax-ex-
empt bonds, other debt sources, and other sources. (See appen-
dix tables 5-17 and 5-18.) In most years, state and local
governments have provided a larger share of support than either
private donations or tax-exempt bonds, followed by institutional
funds. The Federal Government has never provided more than
14.1 percent of the funds for construction and repair/renovation.
In 1998-99, the latest year for which data are available:

¢ the Federal Government directly accounted for only 8 per-
cent of all construction funds and 4 percent of repair/reno-
vation funds,'®

16 Some additional Federal funding comes through overhead on grants and/
or contracts from the Federal Government. These indirect cost payments are
used to defray the overhead costs of conducting federally funded research and
are reported as institutional funding on the NSF facilities survey. See the sidebar,
“Recent Developments on the Indirect Cost Front,” earlier in this chapter.

Figure 5-16.
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¢ state and local governments accounted for 32 percent of all
construction funds and 26 percent of repair/renovation funds,

4 private donations accounted for 15 percent of all construc-
tion funds and 12 percent of repair/renovation funds,

¢ institutional funds accounted for 22 percent of all construc-
tion funds and 38 percent of repair/renovation funds, and

¢ tax-exempt bonds accounted for 19 percent of all construc-
tion funds and 14 percent of repair/renovation funds.

Public and private institutions drew on substantially dif-
ferent sources to fund the construction and repair/renovation
of research space. (See figure 5-16) Public institutions relied
primarily on:

¢ state and local governments (43 percent of funds for new
construction and 45 percent of funds for repair/renovation),

¢ private donations (11 percent of funds for new construc-
tion and 7 percent of funds for repair/renovation),

¢ institutional funds (16 percent of funds for new construc-
tion and 37 percent of funds for repair/renovation), and

Sources of funds for new construction and repair/renovation of research facilities at public and private

universities and colleges: 1999
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See appendix tables 5-17 and 5-18.
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4 tax-exempt bonds (15 percent of funds for new construc-
tion and 5 percent of funds for repair/renovation).

Private institutions relied primarily on:

4 private donations (22 percent of funds for new construc-
tion and 19 percent of funds for repair/renovation),

4 institutional funds (30 percent of funds for new construc-
tion and 40 percent of funds for repair/renovation), and

4 tax-exempt bonds (27 percent of funds for new construc-
tion and 26 percent for repair/renovation).

Adequacy and Condition. Of the institutions reporting re-
search space in 1999, more than 30 percent reported needing
additional space in biological sciences in universities and col-
leges (as opposed to medical schools), physical sciences, psy-
chology, and computer sciences. In all four of these fields, more
than 25 percent of these institutions reported needing additional
space equal to more than 25 percent of their current research
space. (See text table 5-3.) Less than 20 percent of the institu-
tions reported needing any additional space in medical sciences
in both medical schools and universities and colleges, in bio-
logical sciences in medical schools, and in agricultural sciences.

Survey respondents also rated the condition of their re-
search space in 1999. Slightly more than 40 percent of S&E
research space was rated as “suitable for the most scientifi-
cally competitive research.” (See text table 5-4.) However, 20
percent of the research space was designated as needing ma-
jor repair/renovation and an additional 6 percent as needing
replacement. The condition of this space differs across S&E
fields. Fields with the largest proportion of research space
needing major repair/renovation or replacement include ag-
ricultural sciences (33 percent), environmental sciences, bio-
logical sciences in universities and colleges, medical sciences

Text table 5-3.
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in universities and colleges, and medical sciences in medical
schools (each with between 26 and 28 percent).

Unmet Needs. Determining what universities and colleges
need for S&E research space is a complex matter. To attempt
to measure “real” as opposed to “speculative” needs, the sur-
vey asked respondents to report whether there was an approved
institutional plan that included any deferred space needing
new construction or repair/renovation.!” Respondents were
then asked to estimate, for each S&E field, the costs of such
construction and repair/renovation projects and, separately,
the costs for similar projects not included in an approved in-
stitutional plan.

In 1999, 44 percent of the institutions reported the exist-
ence of institutional plans that included deferred capital
projects to construct or repair/renovate academic S&E re-
search facilities. Twenty-five percent of institutions reported
deferred projects not included in institutional plans. The total
estimated cost for all deferred S&E construction and repair/
renovation projects (whether included in an institutional plan
or not) was $13.6 billion in 1999. Deferred construction
projects accounted for 65 percent of this cost and deferred
repair/renovation projects for the remaining 35 percent.

Deferred construction costs were close to or exceeded $1
billion in three fields: medical sciences in medical schools,
biological sciences in universities and colleges, and engineer-
ing. Institutions reported deferred repair/renovation costs in
excess of $500 million in the same three fields and in one
additional field, as follows: medical sciences in medical

17 Four criteria are used to define deferred space in a survey cycle: (1) the
space must be necessary to meet the critical needs of current faculty or pro-
grams; (2) construction must not have been scheduled to begin during the
two fiscal years covered by the survey; (3) construction must not have fund-
ing set aside for it; and (4) the space must not be for developing new pro-
grams or expanding the number of faculty positions.

Adequacy of the amount of S&E research space, by field: 1999

Percentage of institutions needing additional space

Less than 10 percent

10-25 percent More than 25 percent

Field of current space of current space of current space
Physical SCIENCES .......ceiiiiiiiiiiiie e 5.0 10.7 27.6
MathematiCs .....c.eeiiiiiiiie e 15 2.5 17.2
Computer sciences 0.6 3.6 28.4
Environmental SCIENCES ........cceeviiiiiiiiiiieceeeeeeeeeeeeee 3.9 5.2 18.2
Agricultural SCIENCES ........coccuiiiiiiiiiiiiecete e 2.4 2.2 4.4
Biological sciences: universities and colleges . 5.8 10.4 32.7
Biological sciences: medical SChoOIS ..........ccccccveeeiiiieiiienn. 1.8 2.9 8.3
Medical sciences: universities and colleges .............cc.cue.... 2.1 4.0 13:5
Medical sciences: medical schools 0.9 4.1 10.3
PSYChOIOGY ... 2.4 6.9 25.8
SOCIaAl SCIBNCES ..ttt 3.6 4.5 19.8
Other sciences 15 0.3 1.6
Engineering ....... 5.3 5.8 18.2

SOURCE: National Science Foundation, Division of Science Resources Studies (NSF/SRS), Science and Engineering Research Facilities: 1999, NSF 01-

330 (Arlington, VA, 2001).
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Text table 5-4.

Condition of academic S&E research facilities, by field: 1999

(Percentage of S&E research space)

¢ 5-23

Suitable for use in
the most scientifically

Requires major
Suitable for most repair/renovation Requires

Field competitive research levels of research  to be used effectively  replacement

AlLSEE ... 40.9 33:2 19.7 6.2
Physical SCIENCES .......ccciiiieiiiiieieiee e 40.5 35.7 19.2 4.6
Mathematics .......... 52.4 32.9 11.7 3.1
Computer sciences 42.7 34.7 15.4 7.2
Environmental sciences 38.7 34.2 21.0 6.0
Agricultural SCIENCES .......cceeeiiiieeiiiieeeiee e 32.6 34.4 23.0 10.1
Biological sciences: universities and colleges .............. 41.2 30.4 222 6.2
Biological sciences: medical schools 47.9 28.5 17.5 6.1
Medical sciences: universities and colleges ................. 31.1 42.6 20.0 6.3
Medical sciences: medical schools ...........c.ccceevuenniene 43.7 28.3 21.4 6.6
PSYChOIOQY ...eeeeeiiiiieeie e 38.5 38.7 18.6 4.2
SOCiAl SCIEBNCES ..ttt 43.3 38.5 14.7 3.4
ENGINEEriNG ....oocviiiiiiiiiiiec e 43.1 35.1 17.0 4.8

NOTE: Components may not add to 100 percent because of rounding. Quality was assessed relative to current research program.

SOURCE: National Science Foundation, Division of Science Resources Studies (NSF/SRS), Scientific and Engineering Research Facilities: 1999, NSF 01-

330 (Arlington, VA, 2001).

schools ($1.6 billion for construction and 0.5 billion for re-
pair/renovation); biological sciences in universities and col-
leges ($1.5 billion for construction and $0.7 billion for repair/
renovation); engineering ($1.0 billion for construction and
$0.8 billion for repair/renovation); and physical sciences ($0.7
billion for construction and $1.0 billion for repair/renovation).
(See appendix table 5-19.)

Equipment

Expenditures. In 1999, slightly more than $1.3 billion in
current funds was spent for academic research equipment.
About 80 percent of these expenditures were concentrated in
three fields: life sciences (41 percent), engineering (22 per-
cent), and physical sciences (19 percent). (See figure 5-17
and appendix table 5-20.)

Current fund expenditures for academic research equip-
ment grew at an average annual rate of 4.2 percent (in con-
stant 1996 dollars) between 1983 and 1999. Average annual
growth, however, was much higher during the 1980s (8.7 per-
cent) than it was during the 1990s (0.8 percent). The growth
patterns in S&E fields varied during this period. For example,
equipment expenditures for engineering (5.5 percent) grew
more rapidly during the 198399 period than did those for
the social sciences (1.4 percent) and psychology (1 percent).

Federal Funding. Federal funds for research equipment
are generally received either as part of research grants, thus
enabling the research to be performed, or as separate equip-
ment grants, depending on the funding policies of the par-
ticular Federal agencies involved. The importance of
Federal funding for research equipment varies by field. In
1999, the social sciences received slightly less than 40 per-
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Figure 5-17.
Current fund expenditures for research equipment
at academic institutions, by field: 1983-99
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cent of their research equipment funds from the Federal
Government; in contrast, Federal support accounted for
more than two-thirds of equipment funding in the physical
sciences, computer sciences, and environmental sciences.
(See appendix table 5-21.)

The share of research equipment expenditures funded by the
Federal Government declined from 62 to 58 percent between
1983 and 1999, although not steadily. This overall pattern masks
different trends in individual S&E fields. For example, the share
funded by the Federal Government actually rose during this pe-
riod for both the social and the environmental sciences.

R&D Equipment Intensity. R&D equipment intensity is
the percentage of total annual R&D expenditures from current
funds devoted to research equipment. This proportion was lower
in 1999 (5 percent) than it was in 1983 (6 percent), although it
peaked in 1986 (7 percent). (See appendix table 5-22.) R&D
equipment intensity varies across S&E fields. It tends to be
higher in physical sciences (about 10 percent in 1999) and lower
in social sciences (1 percent) and psychology (2 percent). For
the two latter fields, these differences may reflect the use of
less equipment, less expensive equipment, or both.

Doctoral Scientists
and Engineers in Academia

U.S. universities and colleges are central to the nation’s scien-
tific and technological prowess. They generate new knowledge
and ideas that form the basis of innovation that is vital to the ad-
vancement of science. In the process, they produce the highly
trained talent needed to exploit and refresh this new knowledge. In
addition, academia increasingly plays an active part in the genera-
tion and exploitation of new products, technologies, and processes.

The confluence of these key functions: the pursuit of new
knowledge, the training of the people in whom it is embod-
ied, and its exploitation toward generating innovation, makes
academia a national resource whose vitality rests in the sci-
entists and engineers who work there. Especially important
are those with doctoral degrees who do the research, teach
and train the students, and stimulate or help to produce inno-
vation. Who are they, how are they distributed, what do they
do, how are they supported, and what do they produce?'®

Employment and research activity at the 125 largest re-
search-performing universities in the United States are a spe-
cial focus of analysis.!"” These institutions have a
disproportionate influence on the nation’s academic science,
engineering, and R&D enterprise. They enroll 22 percent of

¥The academic doctoral S&E workforce includes full and associate pro-
fessors (referred to as “senior faculty”); assistant professors and instructors
(referred to as “junior faculty”); and lecturers, adjunct faculty, research and
teaching associates, administrators, and postdoctorates. S&E fields are de-
fined by field of Ph.D. degree. All numbers are estimates rounded to the
nearest 100. The reader is cautioned that small estimates may be unreliable.

9This set of institutions comprises the Carnegie Research I and II universi-
ties, based on the following 1994 classification: institutions with a full range of
baccalaureate programs, commitment to graduate education through the doctor-
ate, annual award of at least 50 doctoral degrees, and receipt of Federal support
of at least $15.5 million (1989-91 average); see Carnegie Foundation for the
Advancement of Teaching (1994). The classification has since been modified,
but the older schema is more appropriate to the discussion presented here.
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full-time undergraduates and award one-third of all bachelors’
degrees, but 40 percent of those in S&E; their baccalaure-
ates, in turn, are the source of 54 percent of the nation’s S&E
doctoral degree-holders and more than 60 percent of those in
academia with R&D as their primary work function. Their
influence on academic R&D is even larger: they conduct more
than 80 percent of it (as measured by expenditures), and they
produce the bulk of academic article outputs and academic
patents. For these reasons, they merit special attention.

Growth in academic employment over the past half cen-
tury reflected both the need for teachers, driven by increasing
enrollments, and an expanding research function, largely sup-
ported by Federal funds. Trends in indicators relating to re-
search funding have been presented above, this section
presents indicators about academic personnel. Because of the
intertwined nature of academic teaching and research, much
of the discussion deals with the overall academic employ-
ment of doctoral-level scientists and engineers, specifically
the relative balance between faculty and nonfaculty positions,
demographic composition, faculty age structure, hiring of new
Ph.D.s, trends in work activities, and trends in Federal sup-
port. The section also includes a discussion of different esti-
mates of the nation’s academic R&D workforce and effort
and considers whether a shift away from basic research to-
ward more applied R&D functions has occurred.

Academic Employment of Doctoral
Scientists and Engineers

Universities and colleges employ less than half of doctoral
scientists and engineers.?’ Academic employment of S&E doc-
torate holders reached a record high of 240,200 in 1999, ap-
proximately twice their number in 1973. Long-term growth of
these positions was markedly slower than that in business, gov-
ernment, and other segments of the economy. The academic
doubling compares with increases of 230 percent for private
companies, 170 percent for government, and 190 percent for
all other segments. As a result, the academic employment share
dropped from 55 to 45 percent during the 1973-99 period.

Within academia, growth was slowest for the major re-
search universities. Text table 5-5 shows average annual
growth rates for S&E Ph.D.-holders in various segments of
the U.S. economy; appendix table 5-23 breaks down academic
employment by type of institution.

Foreign-Born Academic Scientists
and Engineers

An increasing number (nearly 30 percent) of Ph.D.-level
scientists and engineers at U.S. universities and colleges are
foreign-born. Like other sectors of the economy, academia
has long relied extensively on foreign talent among its fac-
ulty, students, and other professional employees; this reliance
increased during the 1990s. By a conservative estimate, for-

20 Unless specifically noted, data on doctoral scientists and engineers refer
to persons with doctorates from U.S. institutions, surveyed biannually by
NSF in the Survey of Doctorate Recipients.



